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ABSTRACT 



A semiconductor integrated circuit device includes an inter- 
nal voltage-down converter and a voltage compensation 
circuit. The internal voltage-down converter provides an 
internal power supply voltage. The voltage compensation 
circuit includes a comparator, a capacitor, a transistor, and a 
constant current source. When the voltage (internal power 
supply voltage) of the output node suddenly drops, the 
potential at the positive input of the comparator is reduced 
by the coupling effect of the capacitor. As a result, the output 
node is charged. The potential of the positive input of the 
comparator is charged. As a result, the charging with respect 
to the output node ends. 

12 Claims, 4 Drawing Sheets 
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CIRCUIT COMPENSATING FOR CHANGE 
IN INTERNAL POWER SUPPLY VOLTAGE, 
AND SEMICONDUCTOR INTEGRATED 
CIRCUIT DEVICE INCLUDING SUCH A 

CIRCUIT 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a voltage compensation 50 
circuit and a semiconductor integrated circuit device. More 
particularly, the present invention relates to a voltage com- 
pensation circuit that can compensate for an abrupt change 
in an internal power supply voltage, and a semiconductor 
integrated circuit device including such a circuit. 15 

2. Description of the Background Art 

A conventional internal voltage -down converter included 
in a semiconductor integrated circuit device will be 
described with reference to FIG. 5. 

A conventional internal voltage-down converter 900 of 20 
FIG. 5 includes a comparator 27 and a PMOS transistor 29. 
Comparator 27 has a positive input receiving an internal 
power supply voltage Vout from an output node Z0 of 
internal voltage-down converter 900, and a negative input 
receiving a reference voltage Vin. Comparator 27 compares 25 
reference voltage Vin with internal power supply voltage 
Vout. 

PMOS transistor 29 connected between power supply 
voltage Vdd and output node Z0 has a gate electrode 3Q 
connected to comparator 27. PMOS transistor 29 is turned 
on/off in response to the output (comparison result) of 
comparator 27. Output node Z0 is charged when PMOS 
transistor 29 is turned on. Accordingly, the level of voltage 
Vout of output node Z0 is adjusted. 35 

In the conventional internal voltage-down converter 900 
of the above structure, the ripple rejection is improved as the 
difference between the power supply voltage and the output 
voltage becomes greater. 

The need arises for a semiconductor integrated circuit 40 
device to operate using a further lower voltage in order to 
satisfy the demands of higher integration density. The oper- 
ating environment of a conventional voltage -down converter 
is getting more severe. 

There was a problem that the level of internal power 45 
supply voltage Vout cannot be recovered to the level of the 
intended reference voltage Vin with respect to an abrupt 
change in internal power supply voltage Vout. 
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In view of the foregoing, an object of the present inven- 
tion is to provide a voltage compensation circuit that can 
compensate for an abrupt change in the internal power 
supply voltage. 55 

Another object of the present invention is to provide a 
semiconductor integrated circuit device that can operate at 
high speed by compensating for an abrupt change in the 
internal power supply voltage. 

According to an aspect of the present invention, a voltage 60 
compensation circuit of the present invention compensates 
for a change in the internal power supply voltage. The 
voltage compensation circuit includes a detection circuit 
detecting a differential component of the internal power 
supply voltage, a comparator circuit comparing the differ- 65 
ential component of the internal power supply voltage with 
a reference voltage, and a compensation circuit compensat- 



ing for a change in the internal power supply voltage in 
response to the comparison result. 

An advantage of the present invention lies in that change 
in the internal power supply voltage can be compensated for 
in response to only the differential component of the internal 
power supply voltage. Therefore, the level of the internal 
power supply voltage can be recovered speedily and prop- 
erly to a desired level. 

According to another aspect of the present invention, a 
semiconductor integrated circuit device includes a voltage- 
down converter generating an internal power supply voltage 
which is a down-converted version of a power supply 
potential, and a voltage compensation circuit compensating 
for a change in the internal power supply voltage in response 
to the result of comparison between a differential component 
of the internal power supply voltage and a reference voltage. 

Another advantage of the present invention lies in that a 
voltage compensation circuit is provided that compensates 
for change in the internal power supply voltage in response 
to only the differential component of the internal power 
supply voltage with respect to an internal voltage-down 
converter generating an internal power supply voltage which 
is a down -converted version of a power supply voltage, so 
that the level of the internal power supply voltage can be 
recovered speedily and properly to a desired level. 
Accordingly, internal circuitry can operate properly and 
speedily, impervious to change in the internal power supply 
voltage. 

Particularly, the voltage compensation circuit can alter the 
input of a comparator in response to only the differential 
component of an internal power supply voltage. As a result, 
an internal power supply voltage can be charged/discharged 
speedily and properly. 

Particularly, the voltage compensation circuit includes a 
capacitor to charge the internal power supply voltage in 
response to only the differential component of the internal 
power supply voltage. As a result, the internal power supply 
voltage can be increased speedily and properly. 

Particularly, a transistor or a diode can be used as a 
charging circuit. 

Particularly, the voltage compensation circuit includes a 
capacitor to discharge the internal power supply voltage in 
response to only the differential component of the internal 
power supply voltage. Thus, the internal power supply 
voltage can be reduced speedily and properly. 

Particularly, a transistor or a diode can be used as a 
discharging circuit. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example of a structure of a voltage 
compensation circuit according to a first embodiment of the 
present invention. 

FIG. 2 shows main components of a semiconductor 
integrated circuit device 1000 including a voltage compen- 
sation circuit 100 of FIG. 1. 

FIG. 3 shows another structure of a voltage compensation 
circuit according to the first embodiment of the present 
invention. 

FIG. 4 shows main components of a semiconductor 
integrated circuit device 2000 including a voltage compen- 
sation circuit 200 of FIG. 3. 
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FIG. 5 shows a structure of a conventional internal 
voltage-down converter 900 according to a semiconductor 
integrated circuit device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIRST EMBODIMENT 

A voltage compensation circuit and a semiconductor 
integrated circuit device according to a first embodiment of 
the present invention will be described hereinafter. The first 
embodiment of the present invention relates to a voltage 
compensation circuit that can compensate for an abrupt 
change in the internal power supply voltage, and a semi- 
conductor integrated circuit device including such a circuit. 

A voltage compensation circuit forming the semiconduc- 
tor integrated circuit device of the first embodiment will be 
described with reference to FIG. 1. A voltage compensation 
circuit 100 of FIG. 1 compensates for an abrupt voltage drop 
of an internal power supply voltage Vout at an output node 
Z0. 

Voltage compensation circuit 100 includes a constant 
current source 1, PMOS transistors 3, 4 and 9, a comparator 
7 and a capacitor 8. 

PMOS transistor 3 is connected between a power supply 
voltage Vdd and a node Zl (negative input of comparator 7). 
PMOS transistor 3 has its gate electrode connected to node 
Zl. Constant current source 1 is connected between node Zl 
and ground potential Gnd. Constant current source 1 and 
PMOS transistor 3 generates a constant voltage with respect 
to power supply voltage Vdd. 

PMOS transistor 4 is connected between power supply 
voltage Vdd and a node Z2 (positive input of comparator 7). 
The gate electrode of PMOS transistor 4 is connected to 
node Z2. Capacitor 8 is connected between node Z2 and 
output node Z0. Capacitor 8 and PMOS transistor 4 form a 
voltage division circuit. PMOS transistor 4 is turned on/off 
in response to the potential at node Z2. 

PMOS transistor 9 is connected between power supply 
voltage Vdd and output node Z0. PMOS transistor 9 receives 
the output of comparator 7 at its gate electrode. Comparator 
7 compares the voltage of node Zl with the voltage of node 
Z2. PMOS transistor 9 is turned on/off in response to the 
comparison result of comparator 7. 

The semiconductor integrated circuit device including the 
structure shown in FIG. 1 will be described with reference 
to FIG. 2. 

A semiconductor integrated circuit device 1000 of FIG. 2 
includes an internal voltage-down converter 900, a voltage 
compensation circuit 100, and an internal circuit 500. Volt- 
age compensation circuit 100 and internal voltage-down 
converter 900 are connected at node Z0. Internal voltage- 
down converter 900 supplies an internal power supply 
voltage Vout to node Z0. Voltage compensation circuit 100 
operates to compensate for an abrupt change (drop) of 
internal power supply voltage Vout. Internal circuit 500 
receives the voltage of node Z0 to operate. 

The operation of voltage compensation circuit 100 of 
FIG. 1 will be described hereinafter. In a steady state, the 
potential at the positive input (node Z2) of comparator 7 is 
set to be higher than the potential of the negative input (node 
Zl) of comparator 7. 

Now, the level of internal power supply voltage Vout 
exhibits a sudden drop. In this case, the potential of node 212, 
i.e., the potential at the positive input of comparator 7, is 
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reduced by the coupling of capacitor 8. As a result, com- 
parator 7 provides an output of an L (logical low) level. 

PMOS transistor 9 receives the signal of an L level from 
comparator 7 to be turned on. Accordingly, output node ZO 
5 is charged. 

The potential of the positive input of comparator 7 
gradually rises since charging is effected via PMOS transis- 
tor 4. Therefore, the potential at the positive input of 
comparator 7 is recovered so that the output of comparator 

10 7 attains an H level (logical high). At this stage, the charging 
of output node Z0 ends. 

Thus, voltage compensation circuit 100 charges node Z0 
in response to only the differential component of internal 

35 power supply voltage Vout when internal power supply 
voltage Vout suddenly drops. Thus, the level of internal 
power supply Vout can be recovered speedily and properly 
to the aimed voltage level. 

Thus, internal circuit 500 in semiconductor integrated 

20 circuit device 1000 is immune to the effect caused by change 
in internal power supply voltage Vout to allow correct and 
speedy operation. The PMOS transistor of FIG. 1 can be 
replaced with an NMOS transistor. Alternatively, a diode can 
be used. 

25 Another structure of a voltage compensation circuit 
according to the first embodiment of the present invention 
will be described with reference to FIG. 3. A voltage 
compensation circuit 200 of FIG. 3 compensates for a 
sudden increase in the level of internal power supply voltage 

30 Vout at output node Z0. 

Voltage compensation circuit 200 includes a constant 
current source 2, NMOS transistors 5, 6 and 10, a compara- 
tor 7 and a capacitor 8. 

Constant current source 2 is connected between power 

35 supply voltage Vdd and a node Zll (negative input of 
comparator 7). NMOS transistor 5 is connected between 
node Zll and ground potential Gnd. The gate electrode of 
NMOS transistor 5 is connected to node Zll. Constant 
current source 2 and NMOS transistor 5 generate a constant 

40 voltage with respect to power supply voltage Vdd. 

NMOS transistor 6 is connected between ground potential 
Gnd and a node Z12 (positive input of comparator 7). 
NMOS transistor 6 has its gate electrode connected to node 

45 Z12. Capacitor 8 is connected between node Z12 and output 
node Z0. Capacitor 8 and NMOS transistor 6 form a voltage 
division circuit. NMOS transistor 6 is turned on/off in 
response to the potential of node Z12. 

NMOS transistor 10 is connected between ground poten- 

50 tial Gnd and output node Z0. The gate electrode of NMOS 
transistor 10 receives the output of comparator 7. Compara- 
tor 7 compares the voltage of node Zll with the voltage of 
node Z12. NMOS transistor 10 is turned on/off in response 
to the comparison result of comparator 7. 

55 A semiconductor integrated circuit device including the 
structure of FIG. 3 will be described with reference to FIG. 
4. 

A semiconductor integrated circuit device 2000 of FIG. 4 
includes an internal voltage-down circuit 900, a voltage 

60 compensation circuit 200, and an internal circuit 500. Volt- 
age compensation circuit 200 and internal voltage-down 
circuit 900 are connected by node ZO; Internal voltage-down 
converter 900 supplies an internal power supply voltage 
Vout. Voltage compensation circuit 200 operates to compen- 

65 sate for a sudden change (rise) of internal power supply 
voltage Vout. Internal circuit 500 operates in response to the 
voltage of node Z0. 
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The operation of voltage compensation circuit 200 of 
FIG. 3 will be described now. At a steady state, the potential 
of the negative input (node Zll) of comparator 7 is set to be 
higher than the potential of the positive input (node Z12) of 
comparator 7. 5 

Now, internal power supply voltage Vout exhibits a sud- 
den increase. In this case, the potential of node Z12, i.e., the 
potential of the positive input of comparator 7, increases by 
the coupling of capacitor 8. As a result, comparator 7 
provides an output of an H level. 10 

NMOS transistor 10 receives the signal of an H level from 
comparator 7 to be turned on. As a result, output node Z0 is 
discharged. 

The potential of the positive input of comparator 7 is 
gradually reduced due to the discharge via NMOS transistor 5 
6. Accordingly, the potential of the positive input of com- 
parator 7 is recovered so that the output of comparator 7 
attains an L level. Here, the discharge at output 20 ends. 

Thus, voltage compensation circuit 200 discharges node 
Z0 in response to only the differential component of internal 
power supply voltage Vout when internal power supply 20 
voltage Vout suddenly increases. Thus, internal power sup- 
ply voltage Vout can be recovered speedily and properly to 
the aimed voltage level. 

As a result, internal circuit 500 in semiconductor inte- 
grated circuit device 2000 is impervious to variation in 25 
internal power supply voltage Vout. A proper and speedy 
operation is allowed. The NMOS transistor of ' FIG. 3 is 
replaceable with a PMOS transistor. Alternatively, a diode 
can be used. 

In both the voltage compensation circuit 100 of FIG. 1 30 
and voltage compensation circuit 200 of FIG. 3, constant 
current sources 1 and 2 are connected only at the negative 
input side of comparator 7. However, in the voltage com- 
pensation circuits of FIGS. 1 and 3, a constant current source 
can be connected to both the positive input end and negative 35 
input end of comparator 7. For example, in the structure of 
FIG. 1, an additional constant current source can be pro-, 
vided between node Z2 and ground potential Gnd. In the 
structure shown in FIG. 3, an additional constant current 
source can be provided between node Z12 and power supply 40 
voltage Vdd. 

In this case, the employed constant current source does 
not have to be strictly a constant current supply source. Any 
source that does not generate difference between the con- ^ 
stant current sources connected to the positive/negative 
input ends can be employed. 

In the above embodiment, power consumption can be 
reduced by disabling the constant current source when the 
voltage compensation circuit is inactive. 5Q 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 55 
claims. 

What is claimed is: 

1. A voltage compensation circuit compensating for a 
change in an internal power supply voltage comprises: 

detection means for detecting only a differential compo- 60 
nent of said internal power supply voltage; 

comparator means for comparing the differential compo- 
nent of said internal power supply voltage with a 
reference voltage; and 

compensation means for compensating for a change in 65 
said internal power supply voltage in response to only 
said comparison result. 
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2. The voltage compensation circuit according to claim 1, 
wherein said comparator means comprises a comparator 
including a first input node and a second input node to 
compare a voltage of said first input node with a voltage of 
said second input node, 

said second input node receiving said reference voltage, 
wherein said compensation means comprises 
a power supply node receiving said internal power supply 
voltage, and 

first charging/discharging means for charging/discharging 

said power supply node in response to an output of said 

comparator, 
wherein said detection means comprises 
a capacitor connected between said power supply node 

and said first input node, and 
second charging/discharging means for charging/ 

discharging said first input node in response to a 

voltage of said first input node. 

3. A semiconductor integrated circuit device comprising: 
voltage-down converter means for generating an internal 

power supply voltage which is a down -converted ver- 
sion of a power supply voltage; and 
voltage compensation means for detecting only a differ- 
ential component of said internal power supply voltage 
for compensating for a change in said internal power 
supply voltage in response to only a comparison 
between the differential component of said internal 
power supply voltage and a reference voltage. 

4. The semiconductor integrated circuit device according 
to claim 3, wherein said voltage compensation means com- 
prises 

detection means for detecting only the differential com- 
ponent of said internal power supply voltage, 

comparator means for comparing the differential compo- 
nent of said internal power supply voltage with the 
reference voltage, and 

compensation means for compensating for a change in 
said internal power supply voltage in response to only 
said comparison result. 

5. The semiconductor integrated circuit device according 
to claim 4, wherein said comparator means comprises a 
comparator including a first input node and a second input 
node to compare a voltage of said first input node with a 
voltage of said second input node, 

said second input node receiving said reference voltage, 
wherein said compensation means comprises 
a power supply node receiving said internal power supply 
voltage, and 

first charging/discharging means for charging/discharging 

said power supply node in response to an output of said 

comparator, 
wherein said detection means comprises 
a capacitor connected between said power supply node 

and said first input node, and 
second charging/discharging means for charging/ 

discharging said first input node in response to a 

voltage of said first input node. 

6. The semiconductor integrated circuit device according 
to claim 3, wherein said voltage compensation means com- 
prises 

a comparator including a positive input node and a 
negative input node to compare a voltage of said 
positive input node with a voltage of said negative 
input node, and 
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a power supply node receiving said internal power supply 
voltage, 

first charging means for charging said power supply node 

in response to an output of said comparator, 
a capacitor connected between said power supply node 

and said positive input node, and 
second charging means for charging said positive input 

node in response to a voltage of said positive input 

node, 

said negative input node receiving said reference voltage. 

7. The semiconductor integrated circuit device according 
to claim 6, wherein said second charging means comprises 
a transistor arranged between a power supply voltage and 
said positive input node, and having a gate electrode con- 
nected to said positive input node. 

8. The semiconductor integrated circuit device according 
to claim 6, wherein said second charging means comprises 
a diode arranged between a power supply voltage and said 
positive input node. 

9. The semiconductor integrated circuit device according 
to claim 3, wherein said voltage compensation means com- 
prises 

a comparator including a positive input node and a 
negative input node to compare a voltage of said 
positive input node and a voltage of said negative input 
node, 

a power supply node receiving said internal power supply 
voltage, 

first discharge means for discharging said power supply 
node in response to an output of said comparator, 
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a capacitor connected between said power supply node 

and said positive input node, and 
second discharging means for discharging said positive 

input node in response to a voltage of said positive 

input node, 

said negative input node receiving said reference voltage. 

10. The semiconductor integrated circuit device according 
to claim 9, wherein said second discharging means com- 

10 prises a transistor arranged between a ground potential and 
said positive input node, and having a gate electrode con- 
nected to said positive input node. 

11. The semiconductor integrated circuit device according 
to claim 9, wherein said second discharging means com- 

15 prises a diode arranged between a ground potential and said 
positive input node. 

12. A voltage compensation circuit compensating for a 
change in an internal power supply voltage comprising: 

detection means for detecting a differential component of 
said internal power supply voltage; 

comparator means for comparing said detected differen- 
tial component of said internal power supply voltage 
with a reference voltage; and 
25 compensation means for compensating for a change in 
said internal power supply voltage in response to said 
comparison result, 

said compensation means being stopped in operation 
3q when said differential component is not detected. 

* * * * * 



